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ABSTRACT
The l i f e  h is to ry  and popu lation  stru ctu re  o f  goldeye, Hiodon 
a loso id es  (R a fin esq u e ), in  Moccasin Bay, Garrison R eservo ir , North 
Dakota, were in v estig a ted  during 1966 and 1967. This sp ec ies  had not 
been com m ercially e x p lo ite d  in  th is  impoundment, but current popula­
tion s  in d ica te  that a commercial f ish e ry  can be supported.
A g i l l  net fish ed  from the su rfa ce  to the bottom captured 885 
goldeye in  1966. T o ta l-le n g th , w eight, and sex were recorded and sca le  
samples c o l le c t e d .  The len gth -frequ en cy  o f  the catch  was p lo t te d , and 
average rate o f  growth o f  seven y e a r -c la s se s  was ca lcu la ted  by examina­
t io n  o f  s ca le s  from 365 f is h .  Length-weight re la tio n sh ip s  and sex 
r a t io s  were determ ined. The ages at which sexual dimorphism o f  the 
anal f in  could be recogn ized  were e s ta b lish e d .
Experimental g i l l  nets fish ed  in  surface  waters took 1,601 
goldeye in  the spring  o f  1967. Spawning a c t iv it y  and duration were 
re la te d  to su rfa ce  water temperatures at various re se rv o ir  lo c a t io n s .
A sex  r a t io  was ca lcu la te d  from 531 f is h  captured at spawning s i t e s .  
Fecundity was ca lcu la te d  fo r  each o f  25 gravid fem ales, and age at 
sexual m aturity was determined from 25 females and 10 males in  spawn­
ing co n d it io n . Fine-mesh plankton nets were used in  unsu ccessfu l 
attempts to c o l l e c t  spawned ova. Tw enty-five stomachs were c o l le c te d ,  
and the frequency o f  occurrence o f  food  organisms was noted . P a ra s it ic  
helminths were c o l le c te d  from the alim entary tra c ts  o f  30 go ld eye , and 
a l l  were id e n t i f ie d  as B othriocephalus cuspidatus Cooper.
v i i i
INTRODUCTION
Garrison R eservo ir , la rg e s t  o f  the main-stem impoundments on 
the M issouri R iver, was p rim a rily  constructed  fo r  purposes o f  f lo o d -  
c o n tr o l , n a v iga tion , i r r ig a t io n ,  h y d r o -e le c t r ic  power, and r e c re a t io n . 
In ad d ition  to  the sport f is h e r y ,  a va st commercial f ish e ry  p o te n t ia l 
was crea ted . In recent y e a rs , carp, Cyprinus carp io  Linneaus; carp - 
su cker, Carpiodes carp io  Linneaus; b lack  bu llh ead , Icta lu ru s  melas 
(R a fin esq u e ); channel c a t f is h ,  Ic ta lu ru s  punctatus (R a fin esq u e ); la r g e -  
mouth b u f fa lo f is h ,  Ic t io b u s  cy p r in e llu s  (V a len c ien n es); and smallmouth 
b u f fa lo f is h ,  Ic t io b u s  bubalus (R a fin esqu e), have been taken su ccess ­
fu l ly  by various commercial op eration s (H ildebrand, 1967).
However, th is  r e s e r v o ir 's  la r g e s t  p op u la tion  o f  p o te n t ia lly  
va lu ab le  commercial fish e s  has remained v ir t u a lly  untapped. Records 
o f  the North Dakota Game and Fish Department in d ic a te  go ld eye , Hiodon 
a lo so id e s  (R a fin esq u e ), to be one o f  the two most abundant sp e c ie s  in  
the impoundment (Duerre, 1965; H i l l ,  1966, 1967), but d esp ite  th e ir  
abundance, goldeye have n o t , as y e t , been taken com m ercially from 
G arrison .
An in te n s iv e  goldeye fish e ry  has been e s ta b lish e d  in  the 
Canadian p ro v in ce s , and markets there are e x c e l le n t .  In the United 
S ta tes , goldeye have been taken from lim ited  areas o f  Minnesota ana 
Montana, and s u c c e s s fu lly  marketed in  Canada. The a v a i la b i l i t y  o f  
goldeye in  G arrison R eservo ir , and the c lo s e  proxim ity  o f  the
1
2
Canadian market, suggest that commercial e x p lo ita t io n  might be fe a s ib le  
in  the near fu tu re . The present study was th ere fo re  undertaken to 
in v e s t ig a te  the l i f e  h is to ry  and p op u la tion  stru ctu re  o f  G arrison 
E eservoir  go ld eye , which would be o f  fundamental va lue in  the fu ture 
commercial management o f  the s p e c ie s .
DESCRIPTION OF THE AREA
G arrison R eservoir
Garrison Dam at R iverda le , North Dakota, was c lo se d  in  A p r il ,  
1953. The impoundment at cap acity  contains 24,500,000 ac .re -fee t o f  
water and has an area o f  326,000 acres (N eel, 1963). The r e se rv o ir  
is  200 m iles in  len g th , has an average width o f  three m iles , a maxi­
mum depth o f  180 f e e t ,  and has approxim ately 1,600 m iles o f  sh ore lin e  
(Duerre, 1965). The la rg e s t  o f  main-stem impoundments on the M issouri 
R iver, Garrison i s  con fined  to northw estern North Dakota, and was con­
s tru cted  by U. S. Army Corps o f  Engineers as a m ulti-purpose u n it .
T ribu taries
In a d d ition  to  the M issouri R iver, two major t r ib u ta r ie s  en ter 
the r e s e r v o ir . The Y ellow stone River jo in s  the M issouri at the northern  
end, near W ill is to n , North Dakota. The L it t le  M issouri R iver flow s 
northward and eastward through badlands areas, and enters the impound­
ment approxim ately 50 m iles due west o f  G arrison Dam.
Physiography
The topography ranges from f a i r ly  smooth, r o l l in g  p la in s  which 
surround the main body o f  the r e s e r v o ir ,  to  the rough lo c a l  badlands 
which are encountered in  the southwest. Shorelines are more ir r e g u la r  
in  the L it t le  M issouri arm, due to inundation o f  these badlands, w ith 
many sm all bays bounded shoreward by steep  b lu f f s ,  breaks, and unusual
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s o i l  form ations. S o ils  north  o f  the r e s e r v o ir  are o f  g la c ia l  o r ig in ;  
those to the south and west are res id u a l (Duerre, 1965), and are com­
posed o f  b e n to n it ic  c la y s , sh a le s , and sandstones. Residual s o i l s  are 
e s p e c ia lly  su sce p tib le  to e ro s io n  and are resp on sib le  fo r  la rge  con­
cen tration s o f  s i l t  which are ca rr ied  in to  the re se rv o ir  each year, 
v ia  the L it t le  M issouri R iver.
Climate
The clim ate o f  the area i s  sem iarid  or subhumid, and the average 
annual p r e c ip ita t io n  i s  approxim ately 16 in ch es , in c lu d in g  some 30 
inches o f  snow. S even ty -five  per cent o f  th is  p r e c ip ita t io n  occurs 
between A p ril and O ctober.
Weather records from W ill is to n , North Dakota, are ty p ic a l fo r  
the re se rv o ir  area. The maximum summer temperature i s  110 F; minimum 
w inter temperatures range from -20 to -60 F (N eel, N icholson , and 
H irsch, 1963). The average July temperature is  69 .4  F, and the aver­
age January temperature is  7.9 F.
The f i r s t  k i l l in g  f r o s t  o f  autumn i s  approxim ately 20 September 
(U. S. Dept. I n te r io r ,  1951), and freeze -u p  occurs la te  in  November. 
Ice -o u t  gen era lly  takes p lace  ea r ly  in  A p r il ,  and in  1967, th is  
occurred  on 17 A p ril in  the L i t t l e  M issouri arm.
Study Area
Moccasin Bay on the L i t t le  M issouri arm was chosen as the s i t e  
fo r  the present study (F ig . 1 ) ,  because i t  i s  e a s ily  a c c e s s ib le  and is  
sh e lte red  by high b lu f f s  from p re v a ilin g  northw esterly  winds. The bay 
is  lo ca te d  approxim ately seven m iles west o f  the actual r iv e r -r e s e r v o ir
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confluences and is  about three m iles lon g , on e -h a lf m ile w ide, and has 
a maximum depth o f  approxim ately 65 fe e t .
F ig . 1. Garrison R eservo ir , North Dakota
LITERATURE REVIEW
There is  a p au city  o f  published  m ateria l concern ing the f 'l d e y e .  
Most previous in v e stig a tio n s  have been concerned w ith growth ra tes  o f  
th is  sp e c ie s  in  Canada and the northern United S ta tes , where commercial 
in te re s t  in  goldeye i s  g re a te s t . Bajkov (1930) d iscu ssed  the econom ic 
importance o f  th is  f i s h  in  the Province o f  Manitoba, and in  a summary 
o f  f is h e r ie s  in v e s t ig a tio n s  in  the p r a ir ie  p ro v in ce s , presented growth 
rates and l i f e  h is to ry  fin d in gs f o r  th is  sp e c ie s  in  Canadian w aters.
He reported  that the food  o f  goldeye was q u ite  v a r ia b le , but co n s is te d  
m ostly o f  t e r r e s t r ia l  and aqu atic  in s e c ts ,  and th e ir  la rv a e , which 
were taken in  su rface  waters at n ig h t. From observation s  made at 
Lakes Winnipeg and W inn ipegosis , Hinks (1943) reported  that approxi­
mately h a l f  o f  the la rge  female goldeye spawned in  any one year.
B a ttle  and Sprules (1960) were the f i r s t  to  d iscov er  that goldeye ova 
were b a th y p e la g ic , o r  sem i-buoyant; th is  had been suspected  in  1948, 
when windrows o f  goldeye eggs were found along the shore o f  Lake C la ire , 
A lberta . Fine-mesh n ets  were used to  c o l l e c t  eggs and larvae at the 
su rface  o f  the w ater, and com plete d e scr ip t io n s  o f  the eggs and e a r ly  
developm ental stages o f  the goldeye were rep orted .
Van Oosten and Deason (1957) reviewed the sta tu s  o f  the goldeye 
in  the Red Lakes f is h e r y , M innesota, from 1917 to 1938, and reported  
that th is  sp ec ies  accounted fo r  6 . 6% o f  the average annual catch , and 
that 97% o f  the yea rly  catch o f  goldeye was taken during the summer
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season. Eddy and Carlander (1943) determined the growth rates f o r  
Minnesota f is h e s , and aged 625 goldeye from  Red Lake. Further s tu d ies  
o f  goldeye in  the commercial f is h e r y  o f  the Red Lakes were conducted 
by G rossle in  and Smith (1959 ), who reported  various l i f e  h is to ry  
fin d in gs  and changes in  the popu lation  s ta tu s . They found a marked 
d eclin e  in  the p rodu ction  o f  go ld eye , which was accompanied by in ­
creased fish in g  e f f o r t ;  there was no evidence that th is  d eclin e  could  
be a ttr ib u te d  to an in crease  in  predator s p e c ie s . The s iz e  o f  y e a r -  
c la sses  had declin ed  but the number o f  age-groups apparently had 
changed l i t t l e .  Age and the ra te  o f  growth were determined from 
1,165 specim ens, and a p o s it iv e  c o r r e la t io n  was found between f l u c ­
tuations in  summer a ir  temperatures and the growth r a te . There was 
a predominance o f  males in  the sex  r a t io ;  o f  389 g o ld ey e , 56% were 
males and 44% were fem a les . The food  h a b its  o f  goldeye were a lso  
studied  and i t  was found that t e r r e s t r ia l  in s e c ts  were predom inant, 
suggesting that goldeye freq u en tly  feed on the su rfa ce  in  shallow  
w ater. The common occurrence o f  noctu id  moths and f i r e f l i e s  in  the 
stomachs led  the authors to  specu la te  that goldeye fe e d  at n ig h t.
Martin (1952) conducted the only age and growth study o f  g o ld - 
eye in  the southwestern United S ta tes . Eight hundred seventeen s p e c i­
mens from Lake Texoma, Oklahoma, were aged, and th e ir  growth ra tes  were 
c a lcu la te d . In a d d it io n , sexual dimorphism o f  the anal f in  o f  mature 
goldeye was described  and i l lu s t r a t e d ;  the low er edge i s  concave or 
s tra ig h t  in  the fem ales, and convex, or  lo b e d , in  the males. Young- 
o f -th e -y e a r  f is h  were not taken during the study, even though panels 
o f  3/4 inch  mesh were fish e d . Of 889 goldeye c o l le c t e d ,  72.1% were
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females and 27.9% were males. In another Lake Texoma study , S e lf  (1954) 
in v e stig a te d  the p a ra s ite s  o f  s e v era l f is h  p op u la tion s , and d iscovered  
pseudophyllidean cestodes in  the alim entary tra c ts  o f  go ldeye ; these 
d if fe r e d  from B othriocephalus cu sp id a tu s , Cooper (1917 ), and were 
named B othriocephalus texomensls n . s p . ,  S e l f  (1954 ).
In the M issouri River impoundments, C la flin  (1963) summarized 
age and growth data o f  goldeye from Lewis and Clark Lake, South Dakota, 
and the s ix ty  m iles o f  r iv e r  below  Gavins Foint Dam. H il l  (1965) 
studied  l i f e  h is to ry  o f  the goldeye in  the Fort Peck area , Montana, 
and reported  ages and growth r a te s . The fecu n d ity  o f  Montana goldeye 
was ca lcu la te d , and averaged 6 ,913  eggs per fem ale. In Fort Peck 
R eservo ir , female goldeye com prised 70.9% o f  450 captured f is h ,  w h ile  
males accounted fo r  on ly  29.1% o f  th is  number. Movement stu d ies  o f  
tagged goldeye were conducted but achieved lim ite d  r e su lts  due to  the 
sm all number o f  retu rn s. Peterson (1967) in v e stig a te d  goldeye depth 
d is t r ib u t io n  in  Moccasin Bay o f  Garrison R eservo ir , North Dakota. 
L im nolog ical con d ition s  o f  tu r b id ity ,  tem perature, and oxygen con­
cen tra tion  were sampled concom itantly and were co rre la te d  w ith the 
v e r t ic a l  d is tr ib u t io n  o f  go ld eye ; these three fa c to rs  d id  not appear 
to g rea tly  in flu en ce  d is t r ib u t io n . Peterson suggested that goldeye 
depth d is tr ib u t io n  was a ffe c te d  by photoperiod  and feed in g  h ab its  o f  
the s p e c ie s . Benson ( in  press) summarized lim n o lo g ica l and f is h e r ie s  
fin d in gs  fo r  a l l  main-stem re se rv o irs  on the M issouri R iver, and re ­
ported  that goldeye are much more abundant in  Garrison and Fort Peck 
than in  the downstream r e s e r v o ir s . Comparison o f  growth ra tes  revea led  
that the goldeye o f  G arrison R eservoir  grew the s low est. Goldeye and
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th e ir  p r in c ip a l foods were a lso  in v e stig a te d  in  Lewis and Clark Lake, 
and bottom  fauna and f is h  were the predominant food  organisms found.
METHODS AND MATERIALS
C o lle c t io n  o f  f ish
F ie ld  work was in i t ia t e d  in  the sp rin g  o f  1966 , and data was 
c o l le c te d  from 1 June to  5 September. In 1967, the in v e s t ig a t io n  was 
continued from 15 A p r il to 15 August. During these p e r io d s , goldeye 
were taken by v e r t i c a l ,  depth g i l l  n e ts ; h o r iz o n ta l, su rfa ce  g i l l  n e ts ; 
e l e c t r i c a l  shocking gear; and s e in e s . Of the methods l i s t e d ,  g i l l  nets 
set f o r  periods  o f  12 to  14 h ou rs, captured the grea test number o f  f is h
In 1966, a 36 x 50 fo o t  v e r t ic a l  g i l l  n e t , o f  graduated mesh 
s iz e ,  was fish ed  from the su rfa ce  to  the bottom , in  con ju n ction  w ith 
a concurrent in v e s t ig a t io n  r e la t in g  depth d is t r ib u t io n  to  lim n o lo g ica l 
con d ition s  (P eterson , 1967) . Goldeye taken w ith th is  net were stu d ied  
fo r  age and growth p a ttern s , sex  r a t io s ,  and sexual dimorphism. E lec­
t r i c a l  shocking equipment, sm all frame n e ts , and se in es  were used 
b r ie f ly  during the la t e  summer months o f  1966, in  an attempt to cap­
ture y ou n g -o f-th e -y e a r  specim ens.
In 1967, 125 x 6 fo o t  experim ental g i l l  n e ts , o f  graduated mesh 
s iz e ,  were buoyed to  f is h  the su rfa ce  w aters. Goldeye taken in  these 
nets were stu d ied  f o r  fe cu n d ity , stomach con ten ts , and p a ra s ite s .
These nets were an in va lu able  a id  in  lo c a t in g  spawning popu lations 




Goldeye were removed from the nets and f i e ld  data was taken from 
them as qu ick ly  as p o s s ib le ,  to avoid  e r r o r  due to shrinkage from expo­
sure. Total lengths were measured to the nearest tenth o f  an in ch , and 
w eights, recorded to the nearest gram, were taken on a spring balance 
s ca le  (Hanson D ie te t ic  S ca le , Model 1460). Scale samples were taken 
from the l e f t  s ide  o f  each f is h  above the la t e r a l  l in e  ju s t  below the 
d orsa l f in ,  as p rescr ib ed  by R ou n sefe ll and Everhart (1953 ).
Length-frequency. A ll goldeye captured during 1966 were mea­
sured and assigned to various in ch -grou p s. The p op u la tion  s tru c tu re , 
by t o t a l  len gth s, was then determined by con stru ction  o f  a le n g th - 
frequency tab le  (P eterson , 1967).
Age determ inations and growth h is t o r y . Scales from 365 f is h  
taken during August, 1966, were soaked in  w ater fo r  ten  minutes, 
scrubbed clean  o f  d ir t  and mucous, r in sed , and mounted between g la ss  
s l id e s .  At le a s t  th ree  s ca le s  from each f is h  were stu d ied  to  e l im i -  
mate spurious s ca le s  and p o s s ib le  e r r o r . Scale images were p ro je c te d  
and magnif ed by means o f  a Bausch and Lomb m ic ro -p r o je c to r . Paper 
s tr ip s  were superimposed upon these images (L ag ler, 1952), and s c a le  
length was marked from the focu s to  the la t e r a l  margin. The p o s it io n  
where each annulus in te rce p te d  the s tr ip  was a lso  marked. A s t r a ig h t -  
l in e  e la tion sh ip  between s ca le  length  and body length  was assumed. 
Average, annual growth increm ents fo r  each year c la ss  were computed 
with the a id  o f  nomographs.
Length-w eight. The len gth -w eigh t re la t io n sh ip  was determ ined
cording to the method o f  R ou n sefe ll and Everhart (1 9 5 3 ). Logarithm ic
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conversions were made fo r  the lengths and weights o f  84 rep resen ta tives  
o f  d if fe r e n t  in ch -grou p s, the c o r r e la t io n  between length  and weight was 
resolv^ ■ , and the re su lt in g  b est f i t  curve was p lo tte d  fo r  the growth 
rate o f  Moccasin Bay gold eye . Average age-group s i z e ,  as obtained 
from the growth h is to ry  phase o f  th is  stu dy , was then superimposed on 
the length -w eight curve.
Sexual determ inations and dimorphism
The sex o f  a l l  goldeye taken in  1966 was determined by examina­
t io n  o f  the gonads. Sex was recorded as male, fem ale, or  unknown.
Ratios o f  males to  females was ca lcu la ted  on ly from f is h  p o s it iv e ly  
id e n t i f ie d  as to sex .
Sexual dimorphism has been reported  in  mature goldeye based on 
the shape o f  the anal f in  which i s  concave in  the fem ale, and lobed  or 
convex in  the male. During th is  study, goldeye sexed by gonad examina­
tion  were in sp ected  fo r  corresponding anal f in  development. The ages 
o f  a l l  f is h  sexed were determined by s ca le  s tu d ie s , and the number o f  
f is h  sexed which a lso  e x h ib ited  the c h a r a c te r is t ic  f in  development was
recorded . The data was compared to  determine the v a l id i t y  o f  sexual
*
determ inations in  the various age-groups, based on ex tern a l charac­
t e r i s t i c s  .
Fecundity
In the spring  o f  1967, gravid  goldeye were c o l le c te d  from spawn­
ing areas o f  Moccasin Bay. Female f is h  were c a r e fu lly  removed from the 
nets and opened along th e ir  v en tra l margin, and the l e f t  and r igh t 
ova ries  were removed and preserved  in  10% form alin . The samples were
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allowed to harden in  the form alin  s o lu t io n  fo r  se v era l days to f a c i l i t a t e  
handling. They were then washed to remove d etritu s  and excess form alin , 
and drained on b lo t t in g  paper. Any adhering mesentery or  v is c e r a  was 
then removed.
Ovaries from f iv e  f is h  were weighed (Dial-O-Gram S ca le ; Ohaus 
Scale C o rp .), and a l l  eggs in  each p a ir  o f  organs were counted. Ovaries 
from 20 a d d ition a l goldeye were weighed, but counts were r e s t r ic t e d  to 
f iv e  to  ten gram p ortion s  o f  each sample. An estim ate o f  eggs per un it 
weight o f  ovaries  was obtained by f i t t i n g  a regression  l in e  to  data 
from these 25 sam ples, using the le a s t  squares method (R ou n sefe ll and 
Everhart, 1953).
Ripe male goldeye re ce iv e d  but b r i e f  a tte n tio n ; however, len gth s, 
w eights, and sca le  samples were taken from ten male f is h  which re a d ily  
re leased  spermatozoa upon han dlin g. A c o r re la t io n  between sexual 
m aturity and s iz e  and age was made.
In a s so c ia t io n  with fecu n d ity  s tu d ie s , an attempt was made to 
lo ca te  spawning areas and determ ine the duration o f  the spawning p e r io d . 
Throughout the spawning season, su rface  temperatures o f  both the prob­
able -spawning s i t e s  and the open waters were recorded in  degrees C el- 
c i t s  w ith a mercury thermometer ( S c ie n t i f i c  P ro d u cts ), and water temper­
ature was la te r  co rre la te d  to the above fa c to r s .
C o lle c t io n  o f  spawned ova
Methods were devised  to  determine whether spawned ova o f  the 
goldeye could be c o l le c t e d  from the open w aters. A number twenty mesh 
plankton net (Turtox Supply H ouse), 9h inches in diam eter, was equipped 
with a w ire  harness and a sm all c o l le c t io n  v ia l  at the t r a i l in g  end.
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Twenty fe e t  o f  1 /4  inch p olyeth y len e rope, attached to  the harness, 
fa c i l i t a t e d  t r a i l in g  o f  the n et. This was fish ed  at various depths 
fo r  p eriods o f  approxim ately f iv e  m inutes. At the end o f  each run, 
the net was r e tr ie v e d , and the contents o f  the sample v ia l  examined 
fo r  the presence o f  ova. Areas sampled included  both the open, 
p e la g ic  waters o f  the bay and those more sh e ltered  in le t s  where t e s t  
g i l l  n e tt in g  had in d ica te d  spawning a c t iv i t y .  In a d d it io n , weathered 
beaches were searched fo r  eggs washed ashore by wind a c tio n .
Stomach analysis
Tw enty-five stomachs were c o l le c te d  from ob v iou sly  distended 
mature go ld e y e . The e n tire  stomach, w ith sm all p o rtio n s  o f  the a l i ­
mentary tra c t  both a n ter ior  and p o s te r io r  to  i t ,  was removed and 
preserved in  10% form alin . Subsequently, these were opened and th e ir  
contents washed in to  P ie t r i  d ishes and examined w ith a Bausch and Lomb 
d is s e c t io n  m icroscope. On sev era l o cca s io n s , stomachs were opened and 
the contents observed w hile in  the f i e l d .  Forage f is h e s  recovered  were 
id e n t i f ie d ,  measured, and th is  in form ation  was record ed . However, 
attempts at a thorough ana lysis  o f  stomach contents were not made and 
samples were not preserved fo r  fu rth er  study.
P arasite  examination
A com plete p a r a s it ic  in v e s t ig a t io n  o f  Moccasin Bay goldeye was 
not attem pted. However, 30 alim entary tra c ts  were removed from fis h  
and examined fo r  the presence o f  helminth p a ra s ite s . Specimens were 
c o l le c te d  and preserved  in  10% form alin  fo r  fu rth er study.
RESULTS
Catch com position
A nalysis o f  the catch taken with the v e r t i c a l  g i l l  net during 
June, Ju ly , and August, 1966, revea led  a t o ta l  o f  1 ,661 f is h  rep re ­
senting 12 d i f fe r e n t  s p e c ie s , in c lu d in g  go ld ey e ; ye llow  perch Perea 
flavescen s  (M it c h i l l ) ;  channel c a t f is h ;  b lack  bu llh ead ; white cra p p ie , 
Pomoxis annularis (R a fin esq u e ); w a lleye , S t izo s te d io n  vitreum  ( M it c h i l l ) ;  
sauger, S tizo s te d io n  canadense (Sm ith); European carp; northern p ik e ,
Esox lu c iu s  Linnaeus; smallmouth b u f fa lo f is h ;  carpsucker; and fr e s h ­
water drum, Aplodinotus grunniens (R a fin esqu e). Of the t o t a l ,  885 
f is h  were goldeye, com prising 53.28% o f  the catch (P eterson , 1967).
Age and growth
L ength -frequency. The 885 goldeye taken during 1966, ranged 
in  t o ta l  length from 4 .5  to 18.0  in ch es. Few specimens were encoun­
tered  which exceeded 13 in ch es. Three hundred e ig h ty -n in e  f is h  were 
between 10 and 12 inches long , rep resen tin g  almost 44% o f  the t o t a l  
(F ig . 2; P eterson , 1967).
Growth h is t o r y . Examination o f  s ca le s  from 365 f is h  in d ica te d  
seven y e a r -c la s se s  to be p resen t, 1959 through 1965. Of the sam ple,
100 f is h  were o f  age I ;  47 were o f  age I I ;  88 were o f  age I I I ;  103 
were o f  age IV; 25 were o f  age V; 1 was o f  age VI; and 1 was o f  age 
VII (Table 1 ) .  Y ou n g -o f-th e -yea r  goldeye were not taken from M occasin 
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. 2. Length Frequency o f  Moccasin Bay G oldeye, 1966 
(A fte r  P eterson , 1967)
TABLE 1
AGE AND GROWTH OF MOCCASIN BAY GOLDEYE
Age
Group No. Fish Yr. Class
Mean Calculated Total Length at 
(Inches)
I I I  I I I  IV
Annulus
V Range in  L. at Capture
I 100 1965 4.5 5 .1  - 7.3
II 47 1964 3.7 7.1 7.6 -• 10.0
I I I 88 1963 4 .4 6 .9 9 .1 8.9  - 11 .6
IV 103 1962 4.7 7.8 9.6 10.7 9 .9  - 14.5
V 25 1961 5.2 8.0 9 .7 10.7 11.5 10.9 - 15.2
VI* 1 1960 - - - - - -  1 1 . 3 -
VII* 1 1959 - - - - - -  18. 0 -
Total 365 Average 4.5 7.5 9.5 10.7 11.5
*Average computed growth is  not in d ica ted  fo r  these y e a r -c la s s e s , due to  sm all sample s iz e .
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Goldeye o f  the combined y e a r -c la s s e s  averaged A .5 inches to ta l  
length  at age I ;  7.5 inches at age IT; 9 .5  inches at age TIT- 1n 7 
inches at age IV; and 11.5 inches at age V. These fig u res  represent 
mean annual growth increments o f  4.5 in ch es , 3.0 in ch es , 2.0 in ch es ,
1 .2  in ch e s , and 0.8 inches during the f i r s t  f iv e  years o f  l i f e ,  resp ec­
t iv e ly .  Growth rates  were p lo t te d  by a method which perm itted graphic 
comparison o f  growth patterns f o r  the y e a r -c la s se s  over the past f iv e -  
year period  (F ig . 3 ) .
Length-w eight. The length s and w eights o f  84 f is h  were used 
to e s ta b lish  a s t a t i s t i c a l  re la tio n sh ip  between these two fa c to r s .
The general form ula, W = cLn , was reso lved  to  be Log W = -.9273  + 3.0683 
Log L fo r  Moccasin Bay go ld eye , and the b e s t  f i t  length-wTeigh t curve 
appears in  Figure 4. The mean lengths o f  age-groups I through V, as 
determined by growth study , are superimposed on th is  curve. The 
sm allest f is h  in cluded  in  th is  sample was 5 .1  inches in  t o ta l  le n g th , 
weighed 30 grams, and belonged to  age-group I .  The la rg e s t  encoun­
tered  in  the study was a fem ale, 18.0 inches in  t o t a l  len gth , which 
weighed 831 grams; i t  was in  age-group V II.
Sex r a t io s  and dimorphism
Sex determ inations were made on 241 goldeye taken during June 
and Ju ly , 1966, o f  which 75 were males and 166 were fem ales, or  a r a t io  
o f  1 to  2 .2 , r e s p e c t iv e ly . During August, a sample o f  234 f is h  was com­
posed o f  78 males and 156 fem ales, fo r  a sex  r a t io  o f  1 to 2 .0 . The com­
p o s ite  average o f  these two samples y ie ld e d  a r a t io  o f  1 male to 2 .1  
females fo r  the Moccasin Bay area (Table 2 ) .
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T OT A L  L ENGTH ( I N C H E S )
*The mean and range o f  ca lcu la te d  t o ta l  lengths at time o f  
each annulus form ation .
F ig . 4. R ela tion sh ip  Between Length and Weight o f  M occasin 
Bay Goldeye, 1966
TABLE 2
SEX RATIOS OF MOCCASIN BAY GOLDEYE








24], 75 166 31 .1 68.9 1 : 2.2
August 1966 
r\ 234 78 156 33. 66 .7 1 : 2.0
Totals 475 153 322 32.2 67.8 1 : 2 .1
*The Ratio o f  male to female goldeye.
23
A th ird  r a t io  was ca lcu la te d  from f is h  captured from 8 June 
through 21 July, 1967 in  Moccasin Creek. Of 501 mature goldeye, 151 
were males and 350 were fem ales, or a r a t io  o f  1 to 2 .3 ,  r e s p e c t iv e ly .
Fish from which sca les  had been c o l le c te d  fo r  age and growth 
determ inations were sexed by examination o f  the gonads. Corresponding 
dimorphic development o f  the anal f in  appeared f i r s t  in  the second year 
o f  growth. D istin ct  sexual dimorphism was found in 46.8% o f  the g o ld - 
eye in  age-group I I ;  94.3% o f  those in age-group I I I ;  99.0% in  IV; and 
100% in  age-groups V, VI, and VII (Table 3 ) .
Fecundity
Fecundity was ca lcu la te d  fo r  each o f  the 25 gravid  specim ens, 
by use o f  the formula Y = -145 .63  + 2 0 2 .9 .X (F ig . 5 ) .  The number o f  
ova per female ranged from a low o f  3,304 to  a high o f  10,060 (Table 4 ) ,  
and the average, number o f  ova f o r  the t o t a l  o f  25 specimens was 6 ,531 .
Of the sample, 16 f i s h  were o f  age-group IV and showed a mean fecu n d ity  
o f  5 ,897 , w hile e ig h t  f is h  were o f  age-group V, with a mean fecu n d ity  
o f  7 ,359. Ten rip e  males were a ls o  aged, and length and weight data 
was recorded (Table 5 ) .  Of th ese , four were o f  age-group I I I ,  f iv e  
were o f  age-group IV, and one was o f  age-group V.
Spawning a c t iv it y  and duration
From 20 May to  3 June, 824 goldeye were c o l le c te d  in  M ossett 
Bay, an area some three m iles e a s t  o f  Moccasin Bay and near the L i t t l e  
M issouri-M issouri R iver con flu en ce . Of th is  number, 23 f is h ,  or  2.8% 
o f  the t o t a l  catch , were gravid fem ales. The surface  water temperatures 
o f  M ossett Bay during th is  p eriod  averaged 11 .7  C elcius (Table 6 ) .
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TABLE 3




fo r  Sex
Goldeye 




E xh ib iting 
Anal Fin 
Dimorphism
0 0 0 0.0
I 100 0 0.0
II 47 22 46.8
II I 88 83 94.3
IV 103 102 99.0
V 25 25 100.0
VI 1 1 100.0





Fig. 5 . B alationsh ip  Between Number o f  Eggs and Ovary 
Weight o f  Moccasin Bay G oldeye, 1967
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(Y= -145 .63  + 202.9
1 IV 11.1 220 20 .8 4075
2 IV 11.8 210 32.6 6469
3 IV 11.9 216 34.0 6753
4 IV 11.9 241 25.7 5069
5 IV 11.9 254 23.5 4623
6 IV 12.0 216 30.6 6063
7 IV 12 .1 218 34.4 6834
9 IV 12.1 240 26.6 5252
11 IV 12.1 244 31.1 6165
13 IV 12.2 252 17.0 3304
14 IV 12.3 236 25 .3 4988
15 IV 12.3 276 41.2 8214
17 IV 12.5 260 34.3 6814
18 IV 12.5 298 40 .1 7991
19 IV 12.6 251 29.0 5738
21 IV 12.9 264 30 .3 6002
16 Average 5897
8 V 12.1 232 28 .3 5596
10 V 12.1 240 26.8 5292
12 V 12.1 272 31.4 6225
16 V 12.4 300 35.4 7037
20 V 12.6 2 79 39.3 7828
22 V 13.0 332 50 .3 10060
23 V 13.2 316 41.3 8234
24 V 13.2 316 43.1 8599
8 Average 7359
25 VI 13.9 352 50.2 10040
i Average 10040















AGE AND SIZE OF RIPE MALE GOLDEYE
T ota l Total
Length Weight
(In ch es) (Grains) Age Group







11.7 221 I I I
11.7 230 I I I
12.3 219 I I I
TABLE 6
RELATIONSHIP OF WATER TEMPERATURE TO SPAWNING CONDITION OF GOLDEYE
Surface Temperatures at Various S ites  Catch o f  Goldeye

























5/21 10.0 - - - 5/21 M ossett Bay 287 -* * 15 0
5/22 10.5 - - -
5/23 11.0 - - - 5 /23 M ossett Bay 164 - 3 0
5/24 11.0 - - - 5/24 M ossett Bay 220 - 0 0
5/25 12.0 - - -
6/2 14.5 - - -
6 /3 14.5 - - - 6 /3 M ossett Bay 153 - 5 0
Totals 824 23
6/4 Moccasin Creek 85 49 13 0
6/7 13.0 13.5 15.0 16.5
6/8 13.0 13.5 15.0 16.5 6 /8 Moccasin Creek 113 52 15 0
6/9 13.0 13.5 15.0 16.0 6/9 Moccasin Creek 49 33 13 0
6/14 15.5 16.5 17.5 18.0
6/15 15.5 16.5 17.5 18.0 6/15 Moccasin Creek 70 25 6 0
6/16 17.5 18.0 20.0 20.5 6/16 Moccasin Creek 82 41 11 0
6/17 17.5 18.0 19.0 19.5 6/17 Moccasin Creek 88 51 18 0
6/20 16.0 15.5 15.0 14.5 6/20 Moccasin Creek 65 28 6 0
6/21 16.0 16.0 14.5 17.0
6/22 16.0 16.0 15.5 17.0 6/22 Moccasin Creek 54 39 13 4
TABLE 6— C o n t in u e d
Surface Temperatures at Various S ites  Catch o f  Goldeye
(Degrees C e lc iu s )





















6/23 16.0 16.0 15.5 16.0 6/23  Moccasin Creek 33 7 1 0
6/29 19.0 18.0 19.0 21.0
6/30 18.5 19.0 18.5 19.0 6/30 Moccasin Creek 31 16 1 3
7/5 19.0 19.0 19.5 20.0 7/5 Moccasin Creek 41 32 6 5
7/11 19.5 19.0 19.0 20.0
7/12 19.5 19.0 19.0 20.0 7/12 Moccasin Creek 15 2 0 0
7/20 24.0 24.0 24.0 25.5
7/21 24,0 24.0 24.0 26.0 7/21 Moccasin Creek 51 24 0 7
Totals 777 399 103 19
^Proceeding westward.
**Not recorded.
From 4 June through 21 Ju ly , Moccasin Creek, a lon g , narrow 
backwater s itu a te d  mid-way in  Moccasin Bay, was sampled. I t  was ob­
served that the t o t a l  catch and the s iz e  o f  i t s  components varied  in  
the same area on su ccessiv e  days. There was a lso  a uniform ity o f  
in d iv id u a l s iz e s  in  these ca tch es . Of 777 goldeye captured, 103 were 
gravid fem ales, representing  13.3% o f  t o t a l  catch and 25.8% o f  the 
399 females taken. During th is  p e r io d , su rfa ce  water temperatures 
o f  Moccasin Creek ranged from 16.5 to 26.0  C elc iu s , and averaged 18.9 
d egrees.
Spent females f i r s t  appeared in  the catch o f  22 June. The 
la s t  gravid  females were taken on 5 Ju ly , when the su rfa ce  temperature 
o f  Moccasin Creek was 20.0 C e lc iu s . N etting was d iscontinu ed  on 21 
Ju ly , when seven spent but no gravid  females were caught.
During the la t t e r  p eriod  (4 June through 21 J u ly ), a d is t in c t  
temperature gradient was found in  the su rfa ce  w aters, and temperatures 
gradually in creased  from the main r e s e r v o ir  westward to  the more 
sh e lte red  areas o f  Moccasin Bay (Table 6 ) .  In ad d ition  to Moccasin 
Creek, temperatures were taken in  the open waters o f  the bay, approxi­
mately 1 /4  m iles east o f  the n e ttin g  s i t e ;  at the mouth o f  Moccasin 
Bay, approxim ately 1 3/4 m iles e a s t  o f  the n e ttin g  s i t e ;  and at Mos- 
s e tt  Bay, some three m iles east and w ith in  s igh t o f  the main stem o f  
the r e s e r v o ir . The average water temperature in  Moccasin Bay was 17.9 
at the mouth o f  the bay, 17 .5 ; and at the M ossett Bay lo c a t io n ,  17.4 
C e lc iu s . With re feren ce  to the Moccasin Creek area, these averages 
represented decreasing  temperature d iffe r e n c e s  o f  1 .0 ,  1 .4 ,  and 1.5  
C e lc iu s , fo r  the three areas, r e s p e c t iv e ly .
31
C o lle c t io n  o f  spawned ova
Repeated sam pling with a plankton n et in  the p eriod  from 20 May 
to 16 June, co in cid ed  w ith net catches o f  gravid  go ldeye . The M occasin 
Creek area, Moccasin Bay, and M ossett Bay were s ta tio n s  sampled. In 
every in s ta n ce , exam ination o f  c o l le c t io n  v ia l  contents fa i le d  to  revea l 
the presence o f  any ova . The exposed beaches o f  M occasin Bay were 
searched but ova were not found.
Stomach contents
Stomachs were c o l le c te d  on four occa sion s  during May and June, 
1967. The frequency o f  occurrence o f  food  organisms in  the stomachs was 
determined fo r  f iv e  goldeye c o l le c t e d  on each date; the re su lts  are p re ­
sented in  Table 7, A dd ition a l exam inations o f  stomach contents were 
made in  the f i e l d ,  and numerous adu lts  o f  the orders C oleoptera , Hemip- 
te ra , and Orthoptera were recovered . Four y e llow  perch , that ranged 
from three to four in ch e s , were found in go ld eye ; two were in  one sam­
p le ,  w hile two other samples each contained one perch . An u n id e n tifie d  
member o f  the phylum Nematomorpha was recovered from one sample.
On 22 August, 1967, stomachs were c o l le c t e d  from f iv e  Moccasin 
Bay gold eye , when great q u a n titie s  o f  in s e c ts  l i t t e r e d  the water sur­
fa c e . A ll  stomachs were extrem ely distended and contained large  volumes 
o f  winged male ants o f  three genera; Tapinoma, L asius, and Acanthomyops 
(P eterson , 1967).
P arasites
Pseudophyllidean cestodes were the on ly  helm inthes represented 
in  the p a ra s ite  sam ples, and a l l  were o f  one s p e c ie s , B othriocephalus 
cuspidatus (Cooper, 1917).
TABLE 7
FREQUENCY OF OCCURRENCE OF FOOD ORGANISMS FROM 
MOCCASIN BAY GOLDEYE
Date 24 May 7 June 8 June 16 June
Organisms Fish No. 1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5
Arthropoda
Crustacea
Cladocera Sp. x x
In secta  
Ephemeroptera





Corixidae A. x x
C oleoptera
Staphylin idae A. X
Scarabaeidae A. X
Chrysomelidae A. X X  X
Unknown A. X X
Fragments A. X  X X  X
x x x  
x x x x x
Diptera
C u licidae











*N = Nymph; A = Adult; L = Larva; P = Pupa.
DISCUSSION AND CONCLUSIONS
Species c a tc h a b ility
G il l  nets were the most su cce ss fu l gear fo r  capturing go ld eye ; 
few were taken in  frame n ets . Benson (in  p ress ) has reported  s im ila r  
f in d in g s . Mesh s iz e  below 2 1/2 inches was most e f f e c t i v e ,  and a p os­
s ib le  s tra ig h t  lin e  re la tio n sh ip  between mesh s e le c t iv i t y  and f is h  
s iz e  as the mesh s iz e  in creased  from 3/4 to  1 1/2 inches was noted by 
Peterson (1967 ). Goldeye appeared to be equ a lly  d is tr ib u te d  in  both  
the open water and shoreward zones o f  the r e s e r v o ir , and both areas 
produced n early  equal catches from the su r fa ce  stratum . Sets made 
near the su rface  in  open waters took  few game s p e c ie s ; however, s im i­
la r  se ts  near shore took  con siderab ly  more game f is h .  The maximum 
catch o f  goldeye was between 1800 and 0600 (24 hour m ilita ry  t im e ) , 
a p eriod  co in c id in g  w ith th e ir  a c t iv it y  near the s u r fa ce .
Catch com position and abundance
G arrison R eservoir  appears to support an exceed in g ly  la rg e  
p opu lation  o f  goldeye. Annual summer n ettin gs  at 17 d i f fe r e n t  lo c a ­
tions have taken la rge  p rop ortion s  o f  g o ld ey e . Records obtained from 
experim ental g i l l  n e tt in g  in  an average o f  35 fe e t  o f  water show that 
1,115 goldeye were taken in 1964, represen tin g  26.38% o f  the t o t a l  
catch ; 1,927 in 1965, rep resen tin g  30.68% o f  catch ; and 3,288 in  1966, 
representing  36.41% o f  catch (Duerre, 1965; H i l l ,  1966, 1967). I f
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the su rface  waters had been in te n s iv e ly  sampled, the p roportion  o f  
goldeye captured would undoubtedly have been much g re a te r .
Peterson (1967) reported that a t o t a l  o f 1 ,661 f is h  o f  12 
sp ecies  was taken in  Moccasin Bay. Goldeye amounted to 53.28% o f  the 
catch , w ith a t o t a l  o f  885 in d iv id u a ls . These fig u res  suggest that 
r e la t iv e ly  large number o f  goldeye are present in  th is  area.
In 1952, the U. S. Fish and W ild l i fe  S ervice recogn ized  that 
impoundment con d ition s  were conducive to la rg e  popu lations o f  f is h e s  
such as goldeye, ca rp , and suckers. With re feren ce  to Garrison Res­
e r v o ir ,  i t  was p re d ic te d  that go ld ey e , among other s p e c ie s ,  would 
become numerous and fu rn ish  the sto ck  fo r  fu tu re  commercial f is h in g  
ventures (U. S. Dept. I n te r io r ,  1952). Current fin d in gs  in d ica te  
that the p op u la tion  o f  goldeye has in creased  to the le v e l  where i t  
w i l l  support a commercial f is h e r y .
Age, growth, and popu lation  s tru ctu re
The exact time o f  annulus form ation  in  G arrison goldeye was 
not determ ined. Most s ca le s  examined during la te  May and early  June 
showed la r g e , p erip h era l margins o f  c i r c u l i  but no d is t a l  annuli. 
However, annuli d id appear to  be forming at the outer edges o f  some 
s c a le s . This is  in  accord  with the fin d in gs  o f  C la flin  (1963 ), who 
reported  that annulus form ation took p la ce  by the th ird  week in  June 
in  goldeye from the low er M issouri R iver.
According to Benson (in  p r e s s ) , the goldeye o f  G arrison have 
the slow est growth ra te  found in  th is  s p e c ie s  in  any o f  the main-stem 
M issouri R iver r e s e r v o ir s .  A comparison o f  growth ra tes  o f  M occasin
Bay goldeye with those from other areas appears in  Table 8. S ix t y - f iv e  
per cent o f  the t o t a l  ca lcu la ted  growth atta in ed  during the f i r s t  f iv e  
years o f  l i f e  occurred  by the end o f  the second growing season. Gar­
rison  goldeye reached m aturity at an ea r ly  age, and the popu lation  was 
stru ctu red  around young adults in  the ten to twelve inch  range. Fish 
o f  th is  s iz e  were abundant and were most commonly fou r years o f  age. 
Goldeye longer than twelve inches or o ld e r  than f iv e  years were r e la ­
t iv e ly  ra re . Apparently, com plete turnover o f  the popu lation  occurred  
over a sh ort span o f  yea rs .
Attempts were not made to c a lcu la te  separate growth ra tes  fo r  
the sexes . However, Martin (1952) found that the length  o f  female 
goldeye in  Lake Texoma, Oklahoma, exceeded that o f  males a fte r  the 
th ird  year o f  l i f e .  This appeared to hold  true fo r  goldeye from 
G arrison .
Graphical p resen tation  o f  growth o f  combined sexes (F ig . 3) 
showed l i t t l e  v a r ia t io n  among the y e a r -c la s se s  or  th e ir  re sp e c t iv e  age 
groups over the past f iv e -y e a r  p e r io d . Minor d iffe r e n c e s  were apparent, 
but great in creases  or  decreases in  growth were not in d ica te d . The 
p opu lation  appeared to  be s ta b i l iz e d  at p resen t, su ggestin g  regu lar 
reproduction  and y e a r -c la s s  stren g th .
S ca rc ity  o f  in d iv id u a ls  in  age-groups 0 and 1 was la r g e ly  the 
re su lt  o f  s e le c t iv i t y  in  capture methods ( g i l l  net mesh s iz e s )  and did 
not represent th e ir  r e la t iv e  abundance in  the general p op u la tion . Shore­
l in e  se in e  hauls during the study contained numerous age I goldeye, 
which supports suggested re g u la r ity  o f  y e a r -c la s s  abundance. Y oung-of- 
th e-year goldeye were not c o l le c t e d  in  Moccasin Bay, but s ta te  f is h e r ie s  
personnel (H i l l ,  personal communication) took  them in  the upper reaches
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TABLE 8
COMPARISON OF CALCULATED TOTAL LENGTHS OF MOCCASIN BAY 
GOLDEYE WITH THOSE FROM OTHER AREAS
Mean C alcu lated Total Length at Annulus 
No. (Inches)
L ocation Fish I I I I I I IV V VI VII V III
Lake Texoma, Okla. 
(M artin, 1952) 817 7.5 8 .8 11.2 12.6 13.2 14.2
Red Lake, Minn. 
(G rossle in  & 
Smith, 1959) 1165 4.1 8 .3 11.3 12.9 14.1 15.0 15.8 16.6
M issouri R iver, 
S. Dak.
(C la f l in ,  1963) 1167 4.5 7.9 10.5 11.9 12.8 13.5
Fort Peck, Mont. 
(H i l l ,  1965) 747 4 .0 8 .0 10.2 11.4 12.1 12.9 15.5 16 .0
Present Study 
(1966-1967) 365 4.5 7.5 9.5 10.7 11.5
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o f  G arrison during la te  September, 1966. These ranged in  t o ta l  length  
from 3.6 to 4 .6  in ch es . During August, 1967, you n g -o f-th e -y ea r  were 
captured in  the upper, tu rb id  s tre tch e s  o f  the L it t le  M issouri R iver 
(Johannes, personal com munication).
Sex r a t io s
A ll  goldeye in v e s t ig a tio n s  to  date have reported  a lack  o f  
balance between the sexes . Two samples from Moccasin Bay goldeye 
y ie ld e d  a sex ra t io  o f  two females to  each male, w hile a th ird  r a t io  
ca lcu la te d  from f is h  captured during the time o f  spawning d id  not 
show s ig n if ic a n t  v a r ia t io n . The sex  ra t io  fo r  Fort Peck goldeye 
(H i l l ,  1965) was almost id e n t ic a l  to  that fo r  G arrison.
Sex ra t io s  o f  the catch  changed dram atica lly  in  the L i t t le  
M issouri R iver, some 25 m iles west o f  Moccasin Bay, where males ou t­
numbered fem ales. A r a t io  o f  1 .7  males to each female was ca lcu la te d  
from 393 goldeye taken from th is  area (Johannes, personal communica­
t io n ) . H ill  (1965) a lso  reported  more males than females in  most 
t r ib u ta r ie s  o f  Fort Peck R eservo ir . Prelim inary sampling in d ica ted  
a gradually  changing r a t io  from the r e s e r v o ir  to  upstream areas o f  
the t r ib u ta ry ; the causes o f  th is  change in  sex  r a t io  were not d e te r ­
mined.
Sexual dimorphism
Other in v e s t ig a to rs  have d iscu ssed  and i l lu s t r a te d  the sexu a lly  
dim orphic features o f  the anal f in  (M artin, 1952) but l i t t l e  has been 
done to assess the v a l id it y  o f  th is  c h a r a c te r is t ic  as a means o f  d e te r ­
mining sex  in  various age-grou ps. This study revealed  that alm ost a l l  
Garrison goldeye beyond age I I I  can be a ccu ra te ly  sexed by exam ination
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o f  th is  f in .  Fish o f  age I I I  average 9 .5  inches to ta l len g th .
Within age-group I I ,  the f in  c h a r a c te r is t ic  proved r e l ia b le  in  
sexing 46.8% o f  goldeye taken. However, th is  work was conducted in 
August, and o ld e r  f is h  o f  age II  w°re more sexu a lly  mature. I f  th is  
sample had been taken e a r l ie r  in  the year, the number o f  age II  f is h  
which could be sexed by th is  featu re  would no doubt have been low er. 
Separate comparisons were not made between the number o f  males and 
females e x h ib it in g  the c h a r a c te r is t ic  f in  development, and, th e re fo re , 
e a r l ie r  maturing males may have in creased  the number o f  dim orphic f is h  
in  the younger age-grou ps.
Fecundity
The fecu n d ity  o f  G arrison goldeye was low and ova counts 
averaged 6,531 eggs per fem ale. By com parison, B attle  and Sprules 
(1960) reported  that the number o f  eggs from goldeye in  se v era l 
Manitoba lakes ranged from 5,800 to 25,200, and averaged 14,150.
The fecu n d ity  o f  Fort Peck goldeye was nearly  the same as that d e ter ­
mined fo r  G arrison , accord in g  to H ill  (1965) who found that the number 
o f  eggs per female ranged from 4,288 to 10 ,164 , and averaged 6 ,913 . 
D espite low er fecu nd ity  and the fa c t  that only a segment o f  the mature 
females spawn each yea r, extrem ely s u cce s s fu l rep rod u ction  must o ccu r , 
as evidenced by annual y e a r -c la s s  strength  and the large  popu lation  in  
G arrison.
Spawning a c t iv i t y ,  d u ra tion , and movement
Goldeye ova are non-adhesive and b a th y p e la g ic , o r  semi-buoyant 
(B a ttle  and S pru les, 1960), c h a r a c te r is t ic s  which make rep rod u ctive
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success  independent o f  water l e v e ls ,  sh ore lin e  grad ien ts , bottom  com­
p o s it io n ,  or l i t t o r a l  v e g e ta tio n . Therefore the sp ecies  i s  id e a l ly  
adapted to la rge  impoundment co n d it io n s . Benson ( in  p r e s s ) ,  with 
regard to M issouri River impoundments, has s ta te d : "Those sp ec ies  
that have eggs that are e ith e r  semi-buoyant or lim n e tic , such as 
freshw ater drum or go ldeye , have had q u ite  regu lar y e a r -c la s s  abun­
d an ce ."  Success o f  the la t t e r  sp ec ies  in  Garrison can be a ttr ib u te d , 
in  p a r t , to the spawning c h a r a c t e r is t ic s .
I t  has been p ostu la ted  that on ly  a p o rtio n  o f  a l l  adult females 
spawn in  any given  year, and that many mature f i s h  spawn in  a ltern a te  
y ea rs . Hinks (1943) f i r s t  confirm ed th is  on Lakes Winnipeg and W inni- 
p e g o s is , fin d in g  that approxim ately h a l f  o f  the female go ld eye , 12 
inches or  lo n g e r , spawned in  any one y e a r . In the present study, 
in ten s iv e  n e tt in g  o f  spawning popu lations revealed  that 25.8% o f  a l l  
mature females were grav id , and represented on ly  13.3% o f  the t o ta l  
goldeye ca tch . T h erefore, these r e s u lts  are in  accord w ith Hinks 
o b se rv a tio n s .
Gravid age I I I  fem ales were not taken from G arrison, and the 
m ajority  o f  goldeye stu d ied  fo r  fecu n d ity  were age IV. Age-groups 
I I I  and IV were represented about equ a lly  in  the small sample o f  r ip e  
m ales. This i s  in  agreement with the observation  o f  B a ttle  and 
Sprules (1960) that males reach sexual m aturity one year p r io r  to 
fem ales. In Lake C la ire , A lberca , they found that males matured be­
tween s ix  and nine yea rs , and females between seven and ten . However, 
these authors sta ted  that the age at m aturity is  advanced two or three 
years in  southern Manitoba, and may be fu rth er advanced in  the southern
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part o f  the goldeye range in  the United S ta tes . H il l  (1965) reported  
that most gravid  females taken in  the Fort Peck area, Montana, were o f  
age IV, w hile r ip e  males were m ostly age I I I .
A ll  e f fo r t s  to c o l l e c t  spawned ova from open waters o r  weathered 
beaches f a i le d ,  due la r g e ly  to inadequate sampling gear, the vastness o f  
the water mass, and stron g , a ltern a tin g  winds during the spawning p e r io d . 
However, la rg e r  diam eter p lanton  n e ts , towed at varying depths during 
p eriods o f  calm, may provide adequate c o l le c t io n s  o f  ova.
The duration  o f  the spawning p eriod  in  Canadian waters is  from 
s h o r tly  a fte r  i c e -c u t  u n t il  the ea r ly  part o f  Ju ly , and is  dependent 
on water temperatures p re v a ilin g  in  the shallow  inshore spawning areas 
(B a ttle  and S pru les, 1960). In the present stu dy , f is h  were not c o l ­
le c te d  immediately a fte r  the ic e  cover disappeared, and the onset o f  
spawning was not observed . Gravid females in  the catch d ec lin ed  s te a d ily  
in  a p eriod  from 22 June to  5 Ju ly , and were absent from the catch a f t e r  
the la t t e r  date; th e r e fo r e , the term ination  o f  the spawning p eriod  
agrees w ith that reported  by B a ttle  and Sprules.
During the spawning p e r io d , i t  was observed that the t o t a l  catch  
o f  goldeye varied  g rea tly  in  the same area on su cce ss iv e  days. Large 
numbers o f  f is h  would be taken one day, o fte n  fo llow ed  by a meager catch  
at the same lo c a t io n  on the fo llo w in g  day. Some o f  these catches were 
composed almost e n t ir e ly  o f  la rg e , mature f i s h ,  w h ile  the su cce ss iv e  
d a y 's  catch was predom inately immature f is h .  On numerous o cca s io n s , 
there was uniform ity  o f  t o t a l  length in  the d a ily  catch which averaged 
nine to eleven  in ch es , w hile  the subsequent d ay 's  catch o fte n  contained 
mature f is h  ranging from eleven  to th ir te e n  in c h e s .
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These observation s  may in d ica te  sch o o lin g  o f  goldeye by y e a r- 
c la s s e s , and suggest that constant movement o f  these s ch oo ls  was p re - 
v a ■ i t .  This hypothesis i s  supported by the fa c t  that in  some catches 
la rge  numbers o f  mature f is h  were o f  extrem ely la rge  s iz e ,  ranging 
from twelve to fou rteen  in ch e s . Few f is h  o f  th is  s iz e  were taken in  
the open waters o f  the bay in  1966, but a large  number was captured 
in  Moccasin Creek in  the sprin g  o f  1967. Whether these f i s h  rep re ­
sented  a spawning accum ulation o f  la r g e r  goldeye n ative  to the bay, 
or  were a m igrationa l group from elsew here in  the r e s e r v o ir ,  cou ld  
not be determ ined.
A d is t in c t  temperature grad ient was present in  the su rfa ce  
w aters, and temperatures gradually  in creased  from the main re se rv o ir  
westward to the more sh e lte re d  areas o f  Moccasin Bay. Averages ob­
ta in ed  during the p er iod  o f  spawning showed that Moccasin Creek was 
approxim ately 1.5 C elcius warmer than the waters o f  M ossett Bay, 
nearer to the main r e s e r v o ir .  Both areas were sampled during the 
sp rin g  season ; 13.3% o f  the catch in  Moccasin Creek was gravid  
fem ales, w hile  on ly 2.8% o f  the M ossett Bay catch  was gravid  fem ales. 
The two areas were not sampled con cu rren tly  throughout the spawning 
season , and the M ossett Bay lo c a t io n  may have been sampled b e fo re  
spawning a c t iv it y  had reached i t s  peak; however, in  la rg e r  impound­
ments where temperature d i f f e r e n t ia ls  e x is t ,  a v a ila b le  evidence 
poin ted  to spawning movement toward areas o f  in creased  tem peratures.
Stomach an a lysis  and feed in g  hab its
Goldeye are c h ie f ly  in s e c t iv o r o u s . This has been reported  by 
previous in v e s t ig a to rs  (G rossle in  and Smith, 1959 ), and in  the present
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study adult t e r r e s t r ia l  in s e c ts  were found to be the p r in c ip a l food 
organism s. Coleopteran sp e c ie s  were encountered most fre q u e n tly , 
p r in c ip a lly  members o f  the fam ily Chrysom elidae. Few aqu atic  in se c ts  
were noted, but severa l samples contained fa i r  numbers o f  deep water 
d ip teran  larvae o f  the fam ily Chironomiclae. Two goldeye had fed  en­
t i r e ly  on plankton; th e ir  stomachs were f i l l e d  w ith  cladoceran  remains. 
Small ye llow  perch were noted in  the d ie t s  o f  on ly  three f i s h .
Goldeye were found to be n octu rn a l, su rfa ce  fe e d e rs , that 
cou ld  be observed sp lash in g at the su r fa ce  from dusk to dawn (P eterson , 
1967). Most food  organisms that were present in  the stomachs would 
norm ally be more concentrated  in  the su rfa ce  waters at n ig h t. Other 
in v e s t ig a to rs  have noted s im ila r , nocturnal fora g in g  in  su rfa ce  waters 
(Bajkov, 1930; G rossle in  and Smith, 1959). Feeding a c t iv it y  appeared 
to correspond with the p e r io d  o f  decreased lig h t  in te n s ity , and a 
p e r io d  o f  reduced wind v e lo c it y  when in s e c ts  f a l l  to the water su r­
fa c e . However, the presence o f  chironom ids and perch in  some stom­
achs in d ica ted  that goldeye on occa sion  fed  in  deeper w ater. Peterson 
(1967) specu lated  that food  a v a i la b i l i t y  may exert greater in flu e n ce  on 
goldeye depth d is tr ib u t io n  than does l ig h t  in te n s ity .
Stomach contents o f  goldeye taken in  the same catch revealed  
great d iffe r e n c e s  in  the com position  o f  organism s. Some samples were 
comprised p r in c ip a lly  o f  co le o p te ra n s , w hile oth ers were c h ie f ly  
chironomids or c lad oceran s. This varian ce might have r e f le c t e d  in d i­
v id u a l d ie t  p re fe re n ce s , but i f  s ch o o lin g  and constant sch o o l movement 
occu rred , i t  i s  p o ss ib le  that feed in g  took  p lace  at d i f fe r e n t  lo ca t io n s  
and that the catch contained in d iv id u a ls  taken from severa l s ch o o ls .
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Benson (in  p ress) d iscussed  re se rv o ir  sp e c ie s  and th e ir  p r in ­
c ip a l  food s , and l is t e d  bottom  fauna and fis h  as the major d ie t  o f  
go ld eye . This may apply to goldeye in  the lower M issouri R iver 
impoundments, but is  apparently at variance w ith the present fin d in gs  
fo r  G arrison. Goldeye from Lewis and Clark Lake and the low er M issouri 
R iver exh ib ited  fa s te r  growth rates (C la f l in ,  1963) than the goldeye o f  
G arrison. T h erefore , foods l is t e d  by Benson and th e ir  r e la t iv e  abun­
dance in  the re se rv o irs  may exp la in  d i f f e r e n t ia l  growth ra tes  between 
the two areas.
P arasites
A very high in cid en ce  o f  helm inths was found in the alim entary 
t r a c ts  o f  G arrison go ld eye . A ll  o f  the p a ra s ites  recovered  appeared 
to be o f  one s p e c ie s , B othriocephalus cuspidatus Cooper, 1917, a 
pseudophyllidean  cestode common across Canada and the northern United 
States in  a number o f  freshw ater f i s h e s ,  in c lu d in g  goldeye and moon- 
eye , Hiodon te rg isu s  LeSueur (Larson, personal com m unication). Stained 
specimens did not agree w ith B othriocephalus texom ensis, N. S p ., de­
s cr ib e d  from Oklahoma goldeye by S e lf  (1954). Essex (1928) reported  
that the larvae o f  th is  cestode  develop in  the haemocoel o f  various 
copepods, c y c lo p s . He found no in d ic a t io n  o f  a second interm ediate 
h o s t ; th e re fo re , the presence o f  th is  p arasite  in  the popu lation  con­
firm s the rep orted  feed in g  on plankton by go ld eye .
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